LUNAR LUMINESCENCE MEASUREMENTS 
Thomas H. Morgan 
Assistant Professor of Physics 
Southwestern University 
Georgetown, Texas 


N86- 14092 


ABSTRACT 

Spectra of lunar sites obtained in June 1983 have been analyzed for residual 
luminescence using the spectral line depth technique. The results for three 
sites each at three wavelengths indicate: 


SITE 

Na D 

Ha 

K I 

Mare Crislum 

9.4(±1.1) 

8.7(±1.4) 

6.8(±1.5) 

Kepler 

8.1(±1.3) 

8.1(±1.1) 

9.5(±1.9) 

Aristarchus 

8.5(±1.7) 

8.3{±1.1) 

8.0(±1.4) 


In each case, the value quoted was based not only on the strong Fraunhofer 
line in the spectral range covered but also on from 11 to 21 weaker lines 
within 80 A of the strongest feature. 

These data do not support previous observations. The values here given do 
not indicate a greatly reddened spectrum, and the luminescence spectrum of 
the mare site is not significantly different from the two young crater sites. 
These observations cannot be adequately explained by thermal luminescence, 
theories of direct excitation are also unable to explain the strength of the 
flux. 


Center Research Advisor: Dr. A. E. Potter 
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INTRODUCTION 






Reports of lunar luminescence extend back almost 50 years, yet 
Instrumental limitations have, until recently, made accurate values for the 
luminescent flux( as a percent of reflected light) difficult or Impossible to 
obtain. Nevertheless, these early measurements did demonstrate the existence 
of the phenomenon. The early measurements showed variability both from site 
to site and with phase angle at a given site. Both direct excitation and 
thermal luminescence have been proposed. 

APPROACH 

Recently, the application of multi -element arrays to observational 
astronomy nas made made accurate determinations of luminescence possible. 
Accordingly, the coude spectrograph of the 2.7 m telescope at McDonald 
Observatory was recently used to obtain observations of selected sites at a 
number of strong Fraunhofer lines. These measurements require a solar 
spectrum obtained with the same spectrograph for Interpretation. If there is 
a non-ref 1 active component In the observed light from a lunar site then the 
apparent depths of the Fraunhofer lines in the lunar spectrum plotted against 
the Fraunhofer line-depths for the correspondl ng line In the solar spectrum 
should kave a positive Intercept. Figure 1 shows the raw data, and figure 2 
shows a plot of the relative line depths as d1 scribed above. Attachments 1 
and 2 are computer programs which take the measured relative line depths 
(stored on disk), determine a least-squares fit, do some elementary 
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’ statistics, and calculate the residuals in form suitable for plotting. 

Figure 3 illustrates the quality of the fit. 

\ 

RESULTS 

r 

; On the three sites whose data have been measured, the luminous fluxes 

fall in the range 6-10 percent of reflected light, the most significant 
results are that (1) the luminescence of Aristarchus is not stronger than the 
other two sites and (2) that the luminescence is not increasing as a percent 
of reflected light in the red as reported previously in the literature. 

TABLE 1 


SITE 

Na D 

Ha 

K I 

Mare Crisium 

9.4 (±1.1) 

8.7 (±1.4) 

6.8 (±1.5) 

Kepler 

8.1 (±1.3) 

8.1 (±1.1) 

9.5 (±1.9) 

Aristarchus 

8.5 (±1.7) 

8.3 (±1.1) 

8.0 (±1.4) 
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FIGURE 3 



c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 


c 

c 

c 

c 

10 


20 

50 


100 


150 


c 

c 

c 

c 

200 


AHACHMENT 1 
PKOGHAM LUHFn«FOP 


ORIGINAL PAGE IS 
OF POOR QUALITY 


THIS »iUL RtfcD OlGlTlZtP ULtS SPL'ClALUr CRbAIEb FOH IT, 

IN PAPIICULAP, THfe5t fJLtS APt: 

f, £aCH KUP a N0*4UEP of khaunhoier in a given hinuon. 

2. DATA iH GPUUPS OF 3S— Cf^N^LINE CTR,CUN. 

!• FILES HEAD ARE CREATCO BY UIGITIZEH, 

IN AOOXTXUN, THE PNOGHAH 41LL CREATE A DATA FILE «11H THE HLSOLTING 
RATIOS IH IT, XT «klLL CALCULATE THE LEAST SQUARES 
Fit SLOPE ANU intercept F'UR the DATA SET AND CRtAlE -4 DATA FILE. 


— BUT— 

NRllE OUnN the FilTiNG 1ERHS, 

DONE 15/JUL/BI THM 

MODIFIED 20/JUL/63//MOD1F1ED 21/JUL/R3 

SECTION 1 
XNItiALlZATlON 

CHAHACTEH«04 LINEN, LINES 

CHAHACTER«30 MF:LE,SK1LE,RF XLE 

OXMENSIOH TMN(2OO),YSNi2O0),RATNUOO),RATS(X00) 

INTEGER NMAXM,NHAXS 

SECTION XI 

HEAD TNO DIGITIZER FILLS 

RR1TE(0,«) * EHTL;H moon file name as XXX«N;N • XLIKE DIH LIST 
F'0PMAT(Ab4i XOlGltlZER MOONFILE 

RCA0(5»10)MFILE 

or EN(UN If s 4,F ILE=MF'ILE, STATUSs* OLD* , READONLY) 

DU 50 lsl,200 XREAOS Y*S OUT OF LINE 

READ(4,10,ENDs50) LINEN 
U&CUDE(7,20,LINEH(51 x5B)) YMN(1) 

FORMAT(F10,U 

NHAXMsl 

CONTINUE 

NRX‘''E(6,«i • ENTER SUNFILE AS XXX,N;M « XDXGITIZER SUNFILE 
READ(b,10) SF'ILE 

OPEN(UNlfB4,FlLEBSFJLE STATUSs*0L0« , READONLY) 

DC 100 Jsl,200 lY’S FOR SUN 

REA0(4,10,END«100) LINES 
0ECUl)E(7»20fLIN£5(51:56)) YSN(J) 

NMAXSsJ 

CONTINUE 

IF(NKAXN,EQ,NMAXS) GO TO 150 

nRITEXE,*) * FILES DU NCT HAVE SAHC NO, OF LINES * 

CO TO 999 

1F((MOD(NMAXN,3)),EO.O) GO TO 200 

r/<RlIE(6,«) ' NO OF LINKS NUT MULTIPLE OF' THREE * 

GO TU 999 


SECTION 111 

HERE THE DEPTH TO CONTINUUM RATIOS ARE CALCUIiAX4U 

LlMMSsNMAXM«l 

IRESsl 

DU 250 X«lfLlHMS,3 

RAtM(lHES)e((YMN(K4l))/(((YMN(K))^(YMN(K42)))/2.0)) 1 M DEPTH 
HATS(lR£S)B(<YSN(R4l))/U(YSN(K))4(YSN(R42}))/2.0)) ! S DEPTH 
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ittes BiKfcSfi 

2S0 CUNtlNUl 

c 

c i'.ccnoN nil 

C 4Kms * DATA FILE Mltb THE LUbAR ANU SOtAR RAIJOS FAIRED 

C 

oRlTElb**} * kURAH A>'0 EULAR RATlUS • 

IRE$BlRES>t 

mRXTEIS* J«ta)(RAlH(N),RATStH)«N>l*lRLS) 

300 FORhAT(2X*2F1S.E) 

• MAE MAKE bf RATIU FILE AS XXXX.OAT * 
HEAUCS#1«) RFIkE 

0FE)l(UhlTnl0,Flbt«RMLE,STATUSB'HE4') 

«Kl1k'a0«300)CRATM(N),RATS(N),Nsi,l»E8) 

C 

C SECTION V 

C LEAST SbllARES CALCULATION 

C 


SMXS«0 ISUH OF RATM SOU/ .<ED TERMS ZEROED 
SMX«0 ISUH b» RATS VALUES ZEROED 
SNX«0 ISUM OF RhTM VALUES ZEROED 
SHXISBO ISUM OF CROSS TERMS ZEROED 


00 350 ICMTs WIRES 

SMX«RATS(1CNT)«SMX iOOlNG THE SUMS 

SMAXSs(CRATN(lCNn.)«(HA1saCNT)))4SMXYS 
SMXS«( (RATS( ICNT) ) V«2)4SMXS 
SriXsCRA1M(lCNT))4SMl 
350 CONTINUE 

DELI.S«(IRESF(SHXS))-tSMX«V2} 
AFlTs((SMXS*SHn-(SMA*SNXYS))/UELLS 1 SLOPE 
&FlTB(aRES«SMXtS)*(SMX«SHl))/DELLS J INTERCEPT 
4R1IE(6,*) • INTERCEPT AnO SLOPE ARE • 

4RXTF.(b,425) AFlTfBFXl 
425 P0RNAT12X,F15.S,2X,F15.S) 

XLUNBs(AF1TF10U)/(1«AF1T) 

4HXTE(S««) • PERCENT LIMXNENCE IS ' 

MRXTE(S,450) XLUMB 
450 PUHNAXi5X#FlS.S) 

999 CONTINUE 
STOP 
END 
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OF POOR QUALr. y 


ATTACHHENT 2 


C 

C 
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c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 


c 

c 

c 

c 

10 


20 

so 


100 


ISO 


l>HUO(<A*< LuHSTAT.lUH 

1H1S PH0CKA<4 «UL KtAO OlClTiZtH FIOKS SPt'ClALl.y CHLATCD FOR LUHFIT 
ANO 00 AM bATtNUtO STATISTICAL AhALlStS 01 THEM. IT OObS, INAUOITIOM 
THb A AND 0 CUbKCiCNtS FOh Tht LEAST SUUARF.S llT.IHb lOLLOMlMG: 

1. A CUOUMbSS OF FIT ESTIMATUH Kik A AND rt 

2. THb SUMi OF THF SUM OF IHb SOUAHbS r*r>b CALCULATION, 
i. THb DlFFbRbNCb DELTA SUH 1 FUH ALL. THb DAlA FOINTS. 

IN AOUITIOM. THc PHUCRAM nILL CHEATb A DATA FILE >H1CH CONTAINS THb 
OlFFbRbNCbS AND THEIR SbUANbS FOR FUKTHEH CUNSlUbRATlON. 

The source FUH THb bOUATlUNS CONTaINEU HEKEIN 16 

UAfA HbDUCTlOH AND bRRUH ANALYSIS FOR THb 
PHYSICAL SCIENCES 
SY 

P. H. HEVINGION 

( Sbb CHAPTER SIX IN PARTICULAR) 

ONLY IHE LXFFENEnCES ARE SAVED AS A DATA FILE. 

DONE BY TOM MORGAN 
CREATED 2SFJULY/B3/ 

NUUIFIED 2b/JUL/U3//27JULY/83//2U/JUL/83// 


SECTION 1 
INITIALIZATION 

CHARACTER* 1 AAFF 

CHAKACTEK«o4 LINEN, LINES 

CHARACTER*JO MFlLb.SFlLE.HMLE 

DIMENSION YMN(200),YSn(200),RATM(100),RATS(100) 
dimension 0FLAN(10U),U»LAMS(1U0) 

INTEGER NMAXM.NHAXS 

SECTION II 

MEAD TnO digitizer FILES 

NR1TEC6,*) • ENTER MOON FILE NAME AS XXX. N;R ' tLlKE OlR LIST 
F0RHAT1A64) IDlGITlZbR MCORFILE 

READ(S,10)MFILE 

OPEnCUnJ r«4,FILbsMFILb,STATUS>*0LU«, READONLY) 

DO SO lel,200 IREAOS Y'S OUT OF LINE 

REAO(4,10,bNDsS0) LINEN 
OECODE(7.20,LINEN(SltS8)) YHN(l) 

FORMATLFlO.l) 

NMAXMsl 

continue 

«RITE(t»,*> ' ENTER SUNFILE AS XXX. N;M • IDIGITIZER SUNFILE 
KbAD(S,10) SFlLb 

OPENLUNI rs4,FlLbBSFlLb,STATUSs'ULD* .READONLY) 

UO 100 Jsl,200 !Y*S FOR SUN 

REAU14, 10,bNOs|OU) LINES 
UbCOuE(7,2(i,LlNES(Sl 1S8) ) YSN(J) 

NMAASsJ 

CONTlRUb 

IMNNAXM.EU.NMAXS) GO TO ISO 

NR1TE(6,4) • FILES DO NUT HAVE SAKE NO'. OF LINES ' 

GO TO 99V 

1F((M0D(NMAXH,3)).E0.0) go TO 200 

NRlTbib,*) • HU OF LINES NUT MULTIPLE OF THREE • 


16-9 




GO TU 999 


C 

c stcnoi* 111 

c HlifiE IHE aet<TH 1U CONTINUUM HATIUS ANE CALCULATED 

C 

200 L1mMS«LMAAM-1 

IHESai 

00 2^0 K«t,LlMH&,J 

MATM(iHts)«((VMtt(K4i))/(((y*i«(n())^nrfiN(K42)))/2.u)) : m depth 

H4TS(lPES|«((VSNCK«m/(((ISN(K)j4C>SH(|C«2))>/2.U)f i S DEPTH 
XilES atHc,S4l 

250 CUHtlNUE 

C 

C SECTION 11 IJ 

C LEAS* SDUAhES CALCUATIUH UF LUMINANCE 

C * 

lMESslNES-1 


SNXSnO )SUM of HATH SOUAREC TERNS ZEROED 
SMXaO ISUN OF RATS VALUES ZEROED 
SHT«0 ISUH Of RATH VALUES ZEROED 
SNXTSnO ISUM UF CROSS TERMS ZEROED 


DO 350 1CNT>1I,1RES 

Si4XsHATS(ICNT)«SMX IDOING THE SUMS 

SMX(S«UHATM(lCNT))9(RAlS(lCNT}))4SNXyS 
SMXS8((RAT5(ICNT))«»2)4SHXS 
SM1=(RATM(ICNT)|4SMT 
350 CONTINUE 

DELLS* t IRES* (SHXS>)«(SMX9«2I 

AF-lT3C(SMXS*SHY)«(SMX«SMXyS})/DfcLLS I INTERCEPT 
bFlT*((lHES«SMXIS)«(SMX«SMt)3/CELLS ! SLOPE 

nrite(n,») • Intercept and slope are • 
nR1TE(S,425) AF1T«HF1T 
425 FUR4AT(2X,F1$.5,2X>F15.5) 

XLUMA*(Arn«i00)/(l-AF IT) 

XLUNB*((l«t«KlT)/bFIT)4100 

NH1TE(6,9) • PERCENT LUNIKENCE FROM A AND B IS RESPECTIVELY ' 
NKlTE(b,450) XLUHA«XLUMfi 
450 FURMAT(2(5X,F15.5)) 

C 

C SECTION V 

C CALCULATING THE OlFFERENCES THEIR SOUARES AND SIGMAS 

C 

VARSNO i ZEROES VARIANCE 

SLAN*0 1 ZEROES RUNNING SUN 

00 SOB 1S*1«1RES i DOCS LUM AND VAR CAL 

0FLAKilS)aRATM(IS)-(AFJT4BFlT«(RATS(lS))> 
OFLANSaS)*(DFLAM( IS) >992 
V ARS«OFLAMS US ) 4 V ARS 
500 CONTINUE 

VARS*VARS/(1RES*2) 

SIUA*( VARS46NXS )/0ELLS 
SI Ct)« ( IRES* VARS ) /DELLS 
SSlCAcSURTfSlGA) 

SSIGBaSORTlSlLV) 

SVAHS*SORT(VARS) 

nh1TE(».«) * SIGMA A SIGMA 8 SIGMA V IRES • 

aRllEC5,525)SS)CA,S81CB.SVAHS,lRES 
525 FONMAT(2X,MO.S,2X,F10.5,2X.» 1.0.5>2X«13) 

«KlTE(b,9) • PAUSE NIT ANY KEY NHEN YOUR READY • 
HCAU(5«750)XAFF 

NR1TE(9«9) * TABLE OF DEVIATIONS * 
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